INTRODUCTION
============

Milk yield and fertility are directly related to profitability in dairy farms. To sustain high milk yield, fertility must be kept at an optimal level. Very rapid metabolic and hormonal changes occur in the periparturient period, in which important events such as birth and involution of the uterus take place ([@b33-ajas-28-8-1133]). Cows that are especially highly efficient are predisposed to metabolic, infectious and reproductive diseases during the periparturient period because of immune system suppression, rapid hormonal changes during birthing, and metabolic stress associated with lactation ([@b3-ajas-28-8-1133]).

The periparturient period is a time during which dairy cows are at risk, and they are prone to diseases that could affect their productivity. Ketosis, hypocalcemia, fatty liver syndrome, retained placenta, metritis, mastitis and other related diseases occur frequently in this period ([@b43-ajas-28-8-1133]). Due to immune system suppression during the periparturient period, such diseases cause decreases in productivity and even culling of cows ([@b34-ajas-28-8-1133]; [@b35-ajas-28-8-1133]). It is very important to pass smoothly through the periparturient period to maintain optimal milk yield and reproductive productivity during the new lactation period.

Vitamins and minerals are micro-nutrient components that play important functions in all organisms, especially during reproduction ([@b40-ajas-28-8-1133]). In the periparturient period, Se and vitamin E (Vit E) may improve milk yield and fertility in predisposed cows because of their effects on the immune and antioxidative defense systems. Se enters the enzymatic anti-oxidant glutathione peroxidase, which enables the metabolization of intracellular hydroperoxides that are formed during normal intracellular metabolism ([@b4-ajas-28-8-1133]). The lack of Se has been reported to cause decreases in fertility, mastitis, reductions in milk yield, increases in the incidence of retained placenta, and loss of weight gain in calves ([@b8-ajas-28-8-1133]; [@b44-ajas-28-8-1133]). Vit E is a fat-soluble antioxidant and non-enzymatic compound that is essential for most animal organisms. Because of this, Vit E is a functional anti-oxidant that plays a role in the protection/defense of the integrity of cell membranes. It has been reported that the parenteral use of Se and Vit E during late pregnancy provides increased fertilization in the number of service per conception and pregnancy rate, decreased open days, ovarian cysts, incidence of mastitis and retained placenta ([@b19-ajas-28-8-1133]; [@b44-ajas-28-8-1133]).

This study aimed to determine the effects of parenteral Se and Vit E application on economic impact, milk yield, and some reproductive parameters in high-yield dairy cows during the dry period and at the beginning of lactation.

MATERIALS AND METHODS
=====================

The study area and animals
--------------------------

The present study was conducted on a commercial dairy farm containing 1,900 lactating Holstein cows in the Turhal district of Tokat province, Turkey. The farm is located in the Mid-Black Sea region within 40° 23′ north latitude and 36° 5′ east longitude. The altitude of Turhal is 493 m, the annual average temperature is 9°C to 12°C, and the annual rainfall is 413.3 mm.

Management, feeding of the cows, and data recording
---------------------------------------------------

A total of 323 Holstein dairy cows, each of which had given birth at least once, were enrolled in the study. In the dry period, cows were housed in free-stall barns in groups of 25 to 30 and fed two times daily at 12 h intervals with a mixed ration of corn silage, alfalfa hay, wheat straw and concentrate. Drinking water was provided *ad libitum* with automatic waterers. Cows were taken to individual birth boxes 5 days prior to calving. After the fifth day of calving, cows were housed in free-stall barns with automatic waterers, rubber bedding, and cooling system paddocks. In the lactation period, cows were fed *ad libitum* a total mixed ration (TMR) prepared with automatic mixer feeder (Unifit, Tekniktürk, Ýzmir, Turkey) after each milking. The diet formulated based on [@b31-ajas-28-8-1133] recommendation for a 600 kg cow to produce 30 kg/d of milk containing 3.5% of milk fat and 3.2% protein ([Table 1](#t1-ajas-28-8-1133){ref-type="table"}). Cows were milked three times a day at approximately 8 h intervals by an automatic milking system (Rotary Magnum 90 Milking Parlor, Westfalia Surge, Ýzmir, Turkey). The individual milk yield of each cow, the electrical conductivity of the milk (Conductivity meters, Westfalia Surge, Turkey) and live weights (Taxatron, Westfalia Surge, Turkey) were measured with electronic systems and determined by the herd manager as part of a herd management program (Dairy Plan C21, Westfalia Surge, Turkey). Detection of estrus was performed with a pedometer (Activity meters, Westfalia Surge, Turkey) and increases in the activity of the cows, increases in the tone of the uteral cornus, and by the presence of graaf follicules on the ovaries, in addition to citings by the technicians.

Experimental design
-------------------

At the beginning of the dry period, cows (n = 323) were randomly divided into three groups as follows: Treatment 1 (T1), Treatment 2 (T2) and Control (C). Ten milliliters of a commercial preparation (Selen E-Sol, Richter AG, Avusturya, 1 mL equivalent to 150.00 mg DL-alpha tocopherol acetate and 1.67 mg Pentahydrate-disodium selenite) was administered intramuscularly according to the prospectus. Cows in group T1 (n = 107, W = 521.16±53.5 kg) received this preparation 21 days before calving and on calving day, and cows in group T2 (n = 107, W = 522.25±52.31 kg) received it only on calving day. The cows in the control group (n = 109, W = 518.47±56.10 kg) did not receive this preparation.

Ten mL of jugular blood samples were obtained from all cows to determine Se serum concentration 21 days before calving day (before injection) and on the 3rd day after calving. Blood samples were centrifuged at 3,500×g for 15 min and sera samples were stored at −25°C.

Se concentration in the serum of each cow was analyzed by atomic absorption spectrometry (Perkin-Elmer, Analyst 800, Kleve, Germany) with a hydride generator system (HG-GF-AAS) in combination with flow injection analysis (FIAS-400, Waltham, MA, USA) with EDL lamb ([@b12-ajas-28-8-1133]). All samples were analyzed at least twice, and the results were averaged.

The average milk yield of the cows at 4, 8, 12, and 16 weeks after birth and the electrical conductivity of the milk were determined from the computer records.

The service period and number of services per conception (NSC), as well as the incidence of retained fetal membrane (RFM), clinical metritis and mastitis were taken from the computer records. Cows retaining the placenta for more than 12 h were considered as RFM. Metritis was determined by monitoring the abnormal accumulation of fluid at the base of the vagina during the vaginal examination. Subclinical mastitis was identified by examining the increase in milk viscosity by the Californian Mastitis Test from computer records for cows within 30 days postpartum that had an increased milk electrical conductivity.

Statistical analyses
--------------------

SPSS 11.5 Statistical Software was used for statistical analyses. In order to determine the most suitable statistical test, the data were evaluated with several statistical tests. First, the Kolmogorov Smirnov Test was used to determine if the data were normally distributed. Then, a one way analysis of variance (ANOVA) test was used to check the homogeneity of the variance of the data. For the data fulfilling the parametric test assumptions, the ANOVA test was used to compare the groups. Otherwise, non-parametric statistical tests (a Mann-Whitney U test was used for pairwise comparisons and a Kruskal-Wallis test was used to compare multiple groups) were used. For all of the tests, the significance level was taken as 0.05.

Economic analysis
-----------------

A "Partial Budget Analysis" was used to estimate the financial impacts of Se and Vit E supplementation on the diets. The "Partial Budget Analysis" method can evaluate small changes in the system. The analysis has 4 components: 1-new revenue, 2-cost saved, 3-revenue foregone, and 4-new costs. If the sum of the new revenue and cost saved (1+2) is greater than the sum of the revenue foregone and new costs (3+4), the application of the alternative plan is financially recommended ([@b16-ajas-28-8-1133]).

In this study, the technical findings that were statistically significant were taken into consideration in the partial budget analysis as follows:

i.  New revenues from selenium supplementation included:

    a.  The additional revenue resulting from the increased milk yield

    b.  The additional revenue (excluding that due to the increase in milk yield) from the decreased service period (hence the calving interval)

ii. Cost saved included the reductions of the incidence of sub-clinical mastitis and metritis, which include:

    a.  Treatment and culling costs saved due to the reduction of the incidence of sub-clinical mastitis and metritis

    b.  Insemination costs saved

iii. Revenue foregone: Not applicable in this study.

iv. New costs: the costs of Se and Vit E supplementation on the diets.

v.  1 US dollar was calculated as 2.28 £

In the above analyses, the reduction in service period was assumed to cause the same level of reduction in the calving interval.

The findings of [@b45-ajas-28-8-1133] were used to estimate the cost of delayed calving intervals, and the findings of [@b46-ajas-28-8-1133] were updated to 2014 market values to estimate the cost saved due to the supplementation ([Table 2](#t2-ajas-28-8-1133){ref-type="table"}). The other financial data used in the partial budget analysis are presented in [Table 3](#t3-ajas-28-8-1133){ref-type="table"}.

RESULTS
=======

Se concentrations for each group are presented in [Table 4](#t4-ajas-28-8-1133){ref-type="table"}. Although the differences between the groups were not significant (p\>0.05) before calving, they were significant after calving (on the 3rd day) (p\<0.05).

Milk yields and conductivity values for each group are given in [Table 5](#t5-ajas-28-8-1133){ref-type="table"}. The average milk yields and conductivity values of the cows in groups T1 and T2 were greater than those of the control group. Differences in milk yield at all weeks and the electrical conductivity values at the 8th and 12th weeks were significant (p\<0.05).

The effects of Se and Vit E supplementation on some postpartum diseases and fertility parameters are presented in [Table 6](#t6-ajas-28-8-1133){ref-type="table"}. As seen in [Table 6](#t6-ajas-28-8-1133){ref-type="table"}, all of the fertility and health parameters in the T1 and T2 groups were significantly lower than the C group (p\<0.05), with the exception of the RFM values.

The technical and financial effects of Se and Vit E supplementation are presented in [Table 7](#t7-ajas-28-8-1133){ref-type="table"}. As seen in [Table 7](#t7-ajas-28-8-1133){ref-type="table"}, Se and Vit E supplementation makes a financial contribution of 240.6 \$/cow in group T1 and 224.6 \$/cow in group T2. The major part of the financial gain comes from the increase in milk yield and the decrease in service period.

DISCUSSION
==========

It has been reported that trace elements, such as Se, reduce oxidative stress, and that supplementation with these elements is important in periods of deficiency ([@b41-ajas-28-8-1133]; [@b38-ajas-28-8-1133]). [@b15-ajas-28-8-1133] indicated that Se intake must be more than 6 mg in order to achieve 70 μg/lt Se levels in the sera. The study of [@b1-ajas-28-8-1133] reported that Se concentration is decreased during the late pregnancy period. [@b27-ajas-28-8-1133] remarked that supplementation with Se and Vit E has several positive effects on heifers in late dry period, and that Se injection increases serum and colostrum Se concentration levels. In a study with sheep, [@b22-ajas-28-8-1133] reported a non-significant difference in serum Se levels between all groups before Se and Vit E supplementation during late pregnancy. However, they indicated that the serum Se levels were higher in treatment groups after lambing. Our results with serum Se concentrations are similar to those of these studies.

Both Se and Vit E decrease oxidative stress ([@b24-ajas-28-8-1133]). Because of this, Se and Vit E supplementation is expected to increase milk yield in dairy cows ([@b32-ajas-28-8-1133]; [@b42-ajas-28-8-1133]). Although [@b24-ajas-28-8-1133] and [@b27-ajas-28-8-1133] reported statistically important differences in the effects of Se and Vit E supplementation on milk yield, the results of [@b7-ajas-28-8-1133] were not significantly different (p\<0.05). The results of our study are in accordance with those of the first groups mentioned above.

[@b23-ajas-28-8-1133] reported that the risk of mastitis is 1.3 and 1.4 times higher in herds with low Se levels in the first 30 days of lactation compared to herds with high Se levels. In the study of [@b25-ajas-28-8-1133], the sub-clinical mastitis ratio was 1 to 3 times higher in cows in control groups when compared with those treated with injectable trace elements (Se, Copper, Zinc, Mangenese). Some investigators reported an increase in somatic cell count and low resistance to clinical mastitis in cows treated with trace elements ([@b36-ajas-28-8-1133]; [@b14-ajas-28-8-1133]). The sub-clinical mastitis ratio in our study was 3 to 4 times higher in the control group than in treatment groups, which is in accordance with the literature.

A reduction in potassium and lactose levels causes the transfer of Na and Cl ions to milk from the blood in animals with mastitis, which causes an increase in the electrical conductivity of the milk ([@b30-ajas-28-8-1133]). Changes in electrical conductivity are reported to be a good indicator of udder health for the detection of sub-clinical mastitis ([@b18-ajas-28-8-1133]).

The effects of Se and Vit E supplementation on the incidence of mastitis and its mechanism have been previously reviewed. Adequate levels of Se and Vit E are reported to:

i.  Increase phagocytosis, bacterial death, oxidative metabolism of peripheral blood and the number of neutrophils in the mammary glands ([@b37-ajas-28-8-1133])

ii. Decrease the incidence of subclinical mastitis by enhancing the anti-oxidative defense mechanisms in the treated groups ([@b9-ajas-28-8-1133])

Postnatal reproduction performance is directly related to a healthy periparturient period. It has been reported that a troubled periparturient period causes increases in the incidence of postpartum uterus diseases in cows, including RFM, metritis and subclinical metritis, which decrease reproductive performance ([@b39-ajas-28-8-1133]). In our study, Se and Vit E supplementation did not have a statistically important effect on the incidence of RFM, which is in accordance with the studies by [@b23-ajas-28-8-1133] and [@b17-ajas-28-8-1133]. However, [@b21-ajas-28-8-1133] and [@b27-ajas-28-8-1133] reported a statistically important difference between treatment and control groups (p\<0.05).

Clinical metritis is one of the most important postpartum diseases that affect reproductive performance. Although some reports indicate that Se and Vit E supplementation in the prenatal period quickens the involution of the uterus in cows with clinical metritis ([@b20-ajas-28-8-1133]), no affirmative effects have been found on the intensity and incidence of uterus infections ([@b7-ajas-28-8-1133]; [@b10-ajas-28-8-1133]). Recent studies have indicated that systemic trace mineral supplementations considerably decrease uterus infections, especially metritis and clinical endometriosis, which involve *Fusabacterium* spp. and *Trueperalla* spp. ([@b5-ajas-28-8-1133]; [@b26-ajas-28-8-1133]; [@b25-ajas-28-8-1133]). In addition, [@b19-ajas-28-8-1133] mentioned that the incidence of metritis is decreased by Se supplementation in cows. In our study, the high incidence of metritis in the control group may be due to the following:

i.  The high ratio of cows with RFM with metritis risk in the control group ([@b13-ajas-28-8-1133]; [@b35-ajas-28-8-1133])

ii. Improved defense system, especially with an increase in neutrophil functions by Se application in treatment groups ([@b29-ajas-28-8-1133])

The calving interval is one of the most significant indicators of reproductive efficiency in dairy cattle. The service period must be under 100 days to achieve a calving interval less than 13 months. Therefore, the postpartum period must be concluded without any problems ([@b11-ajas-28-8-1133]). Se is important for the reproductive functions of dairy cows. The use of supplemental Se in dairy cows with Se deficiency is reported to decrease the number of service per conception days and days open, and to increase the pregnancy rate at first service ([@b23-ajas-28-8-1133]). [@b2-ajas-28-8-1133] stated that Se and Vit E supplementation decreased number of service per conception days and days open in treated groups of dairy cows compared with a control group (p\<0.05). [@b27-ajas-28-8-1133] reported that Se and Vit E supplementation decreased the days open, but had no effect on the NSC. In addition, other studies designed with Se supplementation did not report effects on the number of service days per conception ([@b19-ajas-28-8-1133]) or fertility ([@b6-ajas-28-8-1133]). Our results indicating a decrease in the number of service days per conception and days open in treatment groups (p\<0.05) supports the study of [@b2-ajas-28-8-1133].

This study used a partial budgeting technique, which revealed the economic consequences of Se and Vit E supplementation. Our results indicated high gains (about 230 \$/cow) in dairy herds with Se and Vit E supplementation. It was not possible to discuss the results of our study with others, as there is a lack of studies reporting the financial aspects of Se and Vit E supplementation.

CONCLUSION
==========

Supplementation with Se and Vit E has been found to increase serum Se levels, milk yield, and has positive effects on udder health by decreasing milk conductivity values and incidence of sub-clinical mastitis. In addition, Se and Vit E supplementation decreased the incidence of metritis, the number of service days per conception and days open, but had no effects on the incidence of RFM. Partial budgeting analysis revealed that Se supplementation is economically profitable, with an increase of 240.6 \$ per head in T1 and 224.6 \$ per cow in T2.
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###### 

Chemical composition of the basal diet in early lactation of dairy cow

  Diet composition                           Lactation (1 to 90 days)
  ------------------------------------------ --------------------------
  Crude protein (% of DM)                    14.9
  Degradable protein (% of CP)               59.6
  Bypass protein (% of CP)                   30.4
  Neutral detergent fiber (% of DM )         40.2
  Acid detergent fiber (% of DM )            22.2
  Starch (% of DM)                           22.8
  Calcium (% of DM)                          0.61
  Phosphorus (% of DM)                       0.38
  Sodium (% of DM)                           0.14
  Potassium (% of DM)                        0.92
  Selenium (ppm)                             0.03
  Vitamin E (mg/kg of DM)                    15.0
  Net energy for lactation (Mcal/kg of DM)   1.53

DM, dry matter; CP, crude protein.

###### 

Costs saved due to Se and Vit E supplementation

                                                       Financial losses due to clinical metritis[\*](#tfn2-ajas-28-8-1133){ref-type="table-fn"}   Financial losses due to sub-clinical mastitis[\*](#tfn2-ajas-28-8-1133){ref-type="table-fn"}
  ---------------------------------------------------- ------------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------------
  Treatment expenditures (\$/case)                     63.9                                                                                       72.8
  Due to disease herd the replacement cost (\$/case)   32.0                                                                                       36.4
  Total (\$/case)                                      95.9                                                                                       109.2

The milk yield losses and extra insemination costs were deducted from the figures of [@b46-ajas-28-8-1133] to avoid double counting, as they were included in the cost of delay in calving intervals presented by [@b45-ajas-28-8-1133].

###### 

Financial data used in the partial budget analysis

  Items                                                Price   Source of information
  ---------------------------------------------------- ------- -----------------------
  Raw milk producer price (\$/kg)                      0.5     [@b28-ajas-28-8-1133]
  Savings resulting from the shortening of CI (\$/d)   5.3     [@b45-ajas-28-8-1133]
  Selenium application cost (\$/dose)                  2.2     Research findings
  Semen cost (\$/dose)                                 26.3    Average market price

CI, calving interval.

###### 

Selenium levels in serum (μg/L)

  Selenium concentration      C               T1               T2
  --------------------------- --------------- ---------------- ---------------
  Third week before calving   86.10±12.66     83.28±5.35       85.97±4.65
  Third day after calving     73.45±7.55^a^   108.79±8.43^b^   98.18±6.83^c^

Values indicated with lowercase are different than other groups within the row (p\<0.05).

###### 

Milk yields and conductivity values in the three groups

                               Control            Treatment 1        Treatment 2
  ---------------------------- ------------------ ------------------ ------------------
  Milk yield (week)                                                  
   4                           32.0±6.05^b^       35.6±6.66^a^       35.2 ±6.69^a^
   8                           34.5±5.43^b^       37.0^a^ ±5.69      37.3 ±5.73^a^
   12                          34.1±5.76^b^       36.2 ±5.62^a^      36.6 ±5.37^a^
   16                          33.5±5.32^b^       35.9 ±.15^a^       35.7 ±5.13^a^
  Conductivity values (week)                                         
   4                           504.82 ±47.98      503.93 ±39.60      493.59 ±34.18
   8                           506.60±43.31^b^    497.29±38.74^ab^   489.26±37.48^a^
   12                          505.34 ±42.65^b^   495.59±39.14^ab^   491.64 ±35.72^a^
   16                          499.65 ±46.61      497.16 ±40.50      492.17 ±33.17

###### 

The effect of selenium and vitamin E application on some postpartum diseases and fertility parameters

                                                                            Control            Treatment 1      Treatment 2
  ------------------------------------------------------------------------- ------------------ ---------------- ----------------
  Service period                                                            91.7 ±29.5^a^      79.1 ±26.3^b^    81.6±20.4^b^
  NSC                                                                       1.90 ±0.9^a^       1.58 ±0.8^b^     1.62 ±0.7^b^
  Sub-clinical mastitis (%)[1](#tfn6-ajas-28-8-1133){ref-type="table-fn"}   11 (12/109)^a^     3.7 (4/107)^b^   2.8 (3/107)^b^
  Metritis (%)                                                              15.7 (17/109)^a^   5.6 (6/107)^b^   7.5 (8/107)^b^
  RFM[2](#tfn7-ajas-28-8-1133){ref-type="table-fn"} (%)                     4.6 (5/109)        2.8 (3/107)      2.8 (3/107)

NSC, number of services per conception; RFM, retained fetal membrane.

First 30 days after calving was evaluated.

The RFM of cows more than 12 h were categorized as cows with difficulty in shedding placenta.

Values indicated with lowercase are different than other groups within the row (p\<0.05).

###### 

Technical and financial effect of Se and Vit E application

                                                                      Partial budget   Treatment groups   Difference   Financial computation \$/cow                           
  ------------------------------------------------------------------- ---------------- ------------------ ------------ ------------------------------ ------- ------- ------- -------
  Milk yield (kg/d)[\*](#tfn10-ajas-28-8-1133){ref-type="table-fn"}   1                33.5               36.2         36.2                           2.7     2.7     143.2   144.6
  Service period (days)                                               1                91.7               79.1         81.6                           −12.6   −10.1   66.9    53.6
  Incidence of sub-clinical mastitis (%)                              2                11.0               3.7          2.8                            −7.3    −8.2    8.0     8.9
  Incidence of metritis (%)                                           2                15.7               5.6          7.5                            −10.1   −8.2    9.7     7.9
  Number of services per conception (number/cow)                      2                1.90               1.58         1.62                           −0.32   −0.28   8.4     7.4
  Revenue foregone (\$)                                               3                0.00               0.00         0.00                           0.00    0.00    0.0     0.0
  Selenium application cost (\$/cow)                                  4                0                  2            1                              2       1       4.4     2.2
  Net profit (\$/cow)                                                                                                                                                 240.6   224.6

C, control; T1, Treatment 1; T2, Treatment 2.

4 to 16 week average.

[^1]: Department of Animal Husbandry, Faculty of Veterinary Medicine, Dicle University, Diyarbakir 21280, Turkey
